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1.
11. $G$ $\mathrm{F}_{q}$ , $F:Garrow G$ $\mathrm{F}_{q}$
$G$ Frobenius . $G$ $F$ $G^{F}$
. $G^{F}$ $\mathrm{C}$ ,
. 1980 , Lusztig 7]
. Lusztig $G^{F}$
. $l$ cohomology , $\mathrm{C}$
, $l$ $\mathrm{Q}_{l}$ $\overline{\mathrm{Q}}\iota$ ( $l$ # $\mathrm{F}_{q}$ $p$
): $G^{F}$ , $G^{F}$ $\overline{\mathrm{Q}}_{l}$
$\mathcal{U}$ . Lusztig Deligne-Lusztig RTG(
, $G^{F}$ . ,
, $G^{F}$ $\mathcal{U}$





algorithm . Lusztig . ( $5_{\mathrm{B}}^{\mathrm{b}}$
$p$
“
$p$ :almost good” ).










. $G^{F}$ Green Green
. Green $G^{F}$ $G_{\mathrm{u}\mathrm{n}\mathrm{i}}^{F}$ $G^{F}$ .
Green . , $N_{G}$ $G$
$C$ $C$ $G$ $(\overline{\mathrm{Q}}_{l}-)$ $\mathcal{E}$ $(C, \mathcal{E})$ . $u\in C$
, $C$ $G$ $A_{G}(u)=Z_{G}(u)/Z_{G}^{0}(u)$
. , $N_{G}$ $(u, \rho)$ . , $u$ $G$
, $\rho$ $A_{G}(u)$ . $Nc$ $F$ .
, Uu $G_{\mathrm{u}\mathrm{n}\mathrm{i}}^{F}$ $G^{F}$ $\overline{\mathrm{Q}}_{l}$ .





. , $u\in C^{F}$ $F$ $A_{G}(u)$ .
(split type ). , $C^{F}$ $G^{F}$ $A_{G}(u)$ 1 1
. $a\in A_{G}(u)$ $C^{F}$ $G^{F}$ u .
$\tilde{Y}_{i}$
$\mathcal{U}_{\mathrm{u}\mathrm{n}\mathrm{i}}$ , $i=(u, \rho)$ $N_{G}^{F}$ , $\tilde{Y}_{i}$ $\mathcal{U}_{\mathrm{u}\mathrm{n}\mathrm{i}}$
. Green $\mathcal{U}_{\mathrm{u}\mathrm{n}\mathrm{i}}$ , $\overline{Y}_{i}$
. $\overline{Y}_{i}$ , $\overline{Y}_{i}$ , –
Green . Lusztig algorithm Green
-
$\overline{Y}_{i}$
$Y_{i}$ . , $Y_{i}$ $Y_{i}=\epsilon_{i}Y_{i}$
$(\epsilon_{i}\in\overline{\mathrm{Q}}_{l}^{*})$ , $\epsilon_{i}$ . Green
, .
1. $\epsilon_{i}(i\in N_{G}^{F})$
Green 1 . $p$ $\grave{\grave{\mathrm{a}}}$ good , [BS], [S1], [S2]
Green . , 1 $G$
. , $G$ $SL_{n}$ , $p>>0$ ($p>n$ ) $\epsilon_{i}$
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. $G^{F}$ split type , ,
Green (split unipotent class ) .
, $G^{F}$ non-split type , Green .
Lusztig , graded Hecke algebra [L2] .




. $G$ 1 . ,
, 1 . , $R_{T}^{G}(\theta)$
, $g=su$ (Jordan ) , $G^{F}$ $s$
$Z_{G}^{0}(s)$ Green . $G$ $Z_{G}^{0}(s)$
.
2. Cuspidal Springer
21. Lusztig algorithm $\epsilon_{i}$
. $\epsilon_{i}$
. , $G$ Springer , cohomology
Frobenius .
[Ll, $\mathrm{V}$] .
$C$ $G$ . $C$ $G$ $\mathcal{E}$ , cuspidal
. $C$ $\mathcal{E}$ $(C, \mathcal{E})$ cuspidal pair ; $P=LU_{P}$ $G$
$(\neq G)$ , $L$ $u$ , $H_{c}^{\delta}(uU_{P}\cap C, \mathcal{E})=0$
. $\delta=\dim$C-dim $C(u),$ $C(u)$ $u$ $L$ .
$L$ $G$ $P$ Levi , $\mathcal{E}$ $L$ $C$ $L$
$(C,\cdot \mathcal{E})$ $L$ cuspidal pair . $(C, \mathcal{E})$ induction
$G$ $K$ . $K$ $G$ , End $K\simeq\overline{\mathrm{Q}}_{l}[W]$




. $W^{\wedge}$ $|/V$. , $K_{\chi}$ $\chi$
, $V_{\chi}$ . , $K$ $G_{\mathrm{u}\mathrm{n}\mathrm{i}}$ $K|_{G_{\mathrm{u}\mathrm{n}\mathrm{i}}}$
( ) . , $G_{\mathrm{u}\mathrm{n}\mathrm{i}}$ $G$
$(C’, \mathcal{E}’)\in N_{G}$ $\mathrm{I}\mathrm{C}(\overline{C}’, \mathcal{E}’)[\dim C’]$
(2.1.2)
$K|_{G_{\mathrm{u}\mathrm{n}\mathrm{i}}}\simeq,\oplus,V_{(C’,\mathcal{E}’)}(C,\mathcal{E})\in N_{G}\otimes \mathrm{I}\mathrm{C}(\overline{C}’, \mathcal{E}’)[\dim C’]$
. , $\chi\in W^{\wedge}$ , $K|_{G_{\mathrm{u}\mathrm{n}\mathrm{i}}}\simeq \mathrm{I}\mathrm{C}(\overline{C}’, \mathcal{E}’)$ ( )
$(C’, \mathcal{E}’)\in N_{G}$ , $W^{\wedge}arrow N_{G},$ $\chi\mapsto(C’, \mathcal{E}’)$ . ,
M $(L, C, \mathcal{E})$ $G$ . , $L$ $G$
Levi , $\mathcal{E}$ $L$ $C$ cuspidal . $\chi\mapsto(C’, \mathcal{E}’)$
(2.1.3)
$\prod_{(L,C,\mathcal{E})\in \mathcal{M}_{G}}(N_{G}(L)/L)^{\wedge}\simeq N_{G}$
. $G$ ( ) Weyl Springer .
22. $G$ $\mathrm{F}_{q}$ . $L$ $G$ $F$ $F$ Levi
. cuspidal $C$ $F$ , $\mathcal{E}$ $F^{*}\mathcal{E}\simeq \mathcal{E}$ .
$\varphi_{0}$ : $F^{*}\mathcal{E}_{arrow}\sim \mathcal{E}$ $\varphi$ : $F^{*}K_{arrow}\sim K$ .
, $G$ split type , $F$ $W=N_{G}(L)/L$ .
$K$ (2.1.1) $\chi\in W^{\wedge}$ $\varphi_{\chi}$ : $F^{*}K_{\chi}$ $K_{\chi}$ ,
Springer $\chirightarrow(C’, \mathcal{E}’)$ $F^{*}\mathrm{I}\mathrm{C}(\overline{C}’, \mathcal{E}’)\sim \mathrm{I}\mathrm{C}(arrow\overline{C}’, \mathcal{E}’)$ . $\mathrm{I}\mathrm{C}(\overline{C}’, \mathcal{E}’)$ 0
cohomology sheaf $C’$ $\mathcal{E}$’ , $\psi_{\chi}$ : $F^{*}\mathcal{E}^{\prime\sim}\mathcal{E}’arrow$
. $\mathcal{E}’$ $\psi_{\chi}$ $\chi_{\psi_{\chi}}$ : $C^{\prime F}arrow\overline{\mathrm{Q}}_{l}$ , g\mapsto $(\psi_{\chi}, \mathcal{E}_{g}’)$ (
) Lusztig $Y_{i}(i=(C’, \mathcal{E}’))$ ( $\mathcal{E}_{g}’$ $\mathcal{E}’$ $g\in C’$
). $F^{*}\mathcal{E}_{arrow}^{\prime\sim}\mathcal{E}$’ , $\mathcal{E}’$ $\tilde{Y}_{i}$




. Lusztig , $Y_{i}$
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. $Y_{i}$ , $\psi_{\chi}$ , 1(
$\epsilon_{i}$ ) .
23. $\psi_{\chi}$ : $F^{*}\mathcal{E}’\sim \mathcal{E}’arrow$ $G$ .
$G$ Lie . $G$ ,
$\mathfrak{g}$
$G$ Lie . $p$ , Bardsley-Richardson
$\log$ : $Garrow \mathfrak{g}$ , $G$ cuspidal Springer $\mathfrak{g}$
. , $\mathfrak{p}$ , [ $P,$ $L$ Lie , $\mathfrak{n}_{P}$ $\mathfrak{p}$ . $\mathit{0}$ $[$
, $\mathcal{L}$ $O$ cuspidal . , $O’$ $\mathfrak{g}$ , $\mathcal{L}’$ $O’$ $G$
M , $(L, C, \mathcal{E})rightarrow(1, O, \mathcal{L}),$ $\log(C)=O,$ $\mathcal{E}=\log^{*}\mathcal{L}$
, $(1, O, \mathcal{L})$ , $N_{G}$ , $\log C’=O’,$ $\log*\mathcal{L}’=\mathcal{E}’$ , $(O’, \mathcal{L}’)$
.
$O,$ $O’$ , $y\in O’$
$P_{y}=\{gP\in G/P|\mathrm{A}\mathrm{d}(g)^{-1}y\in O+\mathfrak{n}_{P}\}$ ,
$\hat{P}_{y}=\{g\in G|\mathrm{A}\mathrm{d}(g)^{-1}y\in O+\mathfrak{n}_{P}\}$ ,
.
(2.3.1) $Oarrow\alpha’\hat{\rho}_{y}arrow\beta P_{y}$ .
, $\alpha$ : $\hat{P}_{y}arrow O$ $g\in\hat{P}_{y}$ $\mathrm{A}\mathrm{d}(g)^{-1}y$ $O$ , $\beta$ : $\hat{P}_{y}arrow P_{y}$
$\beta(g)=gP$ . $O$ $\mathcal{L}$ , $\alpha^{*}\mathcal{L}\simeq\beta^{*}\dot{\mathcal{L}}$ $P_{y}$
$\mathcal{L}$ .
$m=\mathrm{c}\mathrm{o}\dim_{\mathfrak{g}}O’-\mathrm{c}\mathrm{o}\dim_{\iota}O$
. $m=2\dim P_{y}$ . $\mathcal{L}$ $l$ cohomology $H_{c}^{i}(P_{y},\dot{\mathcal{L}})$ ( $P_{y}$ $G/P$
). spectral sequence ,
(2.3.2) $H_{c}^{m}(P_{y},\dot{\mathcal{L}})\simeq?\{_{u}^{m-r}(K)$
. , $G$ $K$ $m-r$ cohomology sheaf $u\in C’$
; $\log(u)=y,$ $r=\dim$G–dim $L+\dim C+\dim Z^{0}(L)$ . (2.3.2)
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$H_{c}^{m}(P_{y)}\dot{\mathcal{L}})$ $W\mathrm{x}A_{G}(y)$ 9 . $\rho$ $\mathcal{L}’$ $A_{G}(y)$
, $H_{c}^{m}(P_{y},\dot{\mathcal{L}})$ $\rho$-isotypic part $H_{c}^{7n}(P_{y},\dot{\mathcal{L}})_{\rho}$ $W\cross A_{G}(y)$ $\chi\otimes\rho$
. $\chi$ $\nu V$ , $(y, \rho)rightarrow\chi$ Springer
$(O’, \mathcal{L}’)rightarrow\chi$ .
, $(1, O, \mathcal{L})\in \mathrm{A}4_{G}^{F}$ , $\varphi_{0}$ : $F^{*}\mathcal{L}_{arrow}\sim \mathcal{L}$ : $y_{0}\in O^{F}$ ,
$(\varphi_{0})_{y0}$ : $\mathcal{L}_{y0}arrow \mathcal{L}_{y0}$ | $\varphi_{0}$ . , $\mathcal{L}_{y0}$ $\mathcal{L}$ $y_{0}$
, $(\varphi_{0})_{y\mathrm{o}}$ $\varphi_{0}$ Ly . ( $\mathcal{L}$ ,
$\varphi_{0}$ ). (2.3.1) , $\varphi_{0}$ $F^{*}\dot{\mathcal{L}}_{arrow}\sim\dot{\mathcal{L}}$ ,
$\Phi$ : $H_{c}^{m}(P_{y},\dot{\mathcal{L}})arrow H_{c}^{m}(P_{y},\dot{\mathcal{L}})$ . , $\chi\in W^{\wedge}$ $F$ , $\Phi$
$\Phi_{\chi}$ : $H_{c}^{m}(P_{y}, \mathcal{L})_{\rho}arrow H_{c}^{m}(P_{y},\dot{\mathcal{L}})_{\rho}$ . $\psi_{\chi}$ : $F^{*}\mathcal{E}’\sim \mathcal{E}’arrow$ ,
$\Phi_{\chi}$ ([Ll, $\mathrm{V}]$ ). 1
2 .
2. $y_{0}\in O^{F},$ $\varphi_{0}$ : $F^{*}\mathcal{L}_{arrow}\sim \mathcal{L}$ , $\Phi_{\chi}$ : $H_{c}^{m}(P_{y},\dot{\mathcal{L}})_{\rho}arrow$
$H_{c}^{m}(P_{y},\dot{\mathcal{L}})_{\rho}$ $\chi\in W^{\wedge}$ .
, $G$ split type ,
, non-split type 1, 2 .
, non-split . , $G=SL_{n}$
(split, non-split ) 2 .
24. Green , $(L, C, \mathcal{E})$ \in M $L=T$: ,
$C=\{e\}$ , $\mathcal{E}=\overline{\mathrm{Q}}_{l}$ : , . , $H_{c}^{m}(P_{y},\dot{\mathcal{L}})=H^{m}(B_{y},\overline{\mathrm{Q}}$
. , $B$ $T$ Borel $B_{y}=\{gB\in G/B|\mathrm{A}\mathrm{d}(g)^{-1}y\in \mathrm{L}\mathrm{i}\mathrm{e}B\}$ ,
$m=2\dim B_{y}$ . $y\in O^{\prime F},$ $B:F$ $B_{y}$ $F$ $F$ $H^{m}(B_{y},\overline{\mathrm{Q}}$
$\Phi$ . $y\in O^{\prime F}$ , $\Phi$ $H^{m}(B_{y},\overline{\mathrm{Q}}\iota)$ $q^{m/2}$
2 . $y\in O^{\prime F}$ split
( ) . split . ($p$:good





31. , $G=SL_{n}$ Springer [LS] .
$G$ $\mathrm{F}_{q}$ . $n’$ $n$ $p$ , $G$ Z
$Z_{G}\simeq \mathrm{Z}/n’\mathrm{Z}$ . $d|n’$ $d\geq 1$ . $L$ $G$ ( )
$P$ Levi , $A_{d-1}\cross A_{d-1}\cross\cdots\cross A_{d-1}$ ( $n/d$ ) .
$O$ $1=\mathrm{L}\mathrm{i}\mathrm{e}$ $L$ , $y_{0}\in O$ . , $A_{L}(y_{0})\simeq \mathrm{Z}/d\mathrm{Z}$ ,
$(O, \mathcal{L})rightarrow(y_{0}, \rho_{0})$
$\grave{\mathrm{a}}\neg$ [ cuspidal pair $\rho_{0}\in A_{L}(y_{0})^{\wedge}$ $d$
, $\rho_{0}$ : $\mathrm{Z}/d\mathrm{Z}arrow\overline{\mathrm{Q}}_{l}^{*}$ . $(1, O, \mathcal{L})$
M .
$W=N_{G}(L)/L$ $\mathfrak{S}_{n/d}$ , Springer $W^{\wedge}arrow N_{G},$ $\chi\mapsto$
$(O’, \mathcal{L}’)$ . $\chi$ $\mathfrak{S}_{n/d}$ , $n/d$ $\lambda’=(\lambda_{1}’, \ldots, \lambda_{r}’)$
$\chi=\chi^{\lambda’}$ . $n$ $\lambda=(\lambda_{1}, \ldots, \lambda_{r})$ $\lambda_{i}=d\lambda_{i}’$ . $\mathfrak{g}=\epsilon 1_{n}$
$n$ , $\lambda$ $O’=O_{\lambda}’$
. $y\in O’$ , $A_{G}(y)\simeq \mathrm{Z}/n_{\lambda}’\mathrm{Z}$ . $n_{\lambda}’$ $\{n’, \lambda_{1}, \lambda_{2}, \ldots, \lambda_{r}\}$
. $Z_{G}\simeq \mathrm{Z}/n’\mathrm{Z}$ $fo$ : $Z_{G}arrow A_{L}(y_{0}),$ $f$ : $Z_{G}arrow A_{G}(y)$
. $\xi$ : $Z_{G}arrow\overline{\mathrm{Q}}_{l}^{*}$ $\xi=\rho 0\circ f\mathrm{o}$ . $\rho\in A_{G}(y)^{\wedge}$ $\xi=\rho\circ f$
. , $(y, \rho)$ $(O’, \mathcal{L}’)$ $\chi\mapsto(O’, \mathcal{L}’)$
.
$G^{F}$ split type, $SL_{n}$ Frobenius , $L,$ $P$ $F$
, $F$ $W=N_{G}(L)/L$ . $\varphi_{0}$ : $F^{*}\mathcal{L}\sim \mathcal{L}arrow$ $y_{0}\in O^{F}$
. .
32. $G=SL_{n},$ $F$ split type . $y_{0}\in O^{F},$ $y\in O_{\lambda}^{\prime F}$ Jordan ( .
, $\Phi$ : $H_{c}^{m}(P_{y},\dot{\mathcal{L}})arrow H_{c}^{m}(P_{y},\dot{\mathcal{L}})$ $q^{m/2}$ .
32 $P_{y}$ ffltration , $n$
. , Lie $SL_{n}$ , $p$
. graded Hecke algebra ($p\cdot\gg 0$ ) split
type, non-split type .
33. $F$ non-split type . $F=\sigma F_{0}$ . $F_{0}$
Frobenius , $\sigma$ SL ( $g\in SL_{n}$ ,
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$\sigma(g)=w_{1}^{t}g^{-1}w_{1}^{-1}$ ; $w_{1}l.\mathrm{h}\mathfrak{S}_{n}$ ). 3.1 $L$
$F$ , $F$ $W=N_{G}(L)/L$ Coxeter 2 .
$w_{0}$ $W=\mathfrak{S}_{n/d}$ . $Fw_{0}$ ( ) $W$ . [
$O$ $F$ , $y_{0}\in O^{F}$ , $\mathfrak{g}$ $O’$
$y\in O^{\prime F}$ split type . , $y\in O^{\prime F}$
. $\mathrm{F}_{q}$ 2 $\mathrm{F}_{q^{2}}$ $n$ $V_{0}$ , $e_{1},$ $\ldots,$ $e_{n}$
. $V_{0}$ sesquilinear form $\langle$ , $\rangle$ $\langle\sum a_{i}e_{i}, \sum b_{j}e_{j}\rangle=\sum_{i}a_{i}b_{n-i}^{q}$ ( .
, $x\in \mathfrak{g}^{F^{2}}$ , $x\in \mathfrak{g}^{F}$ $\langle xv, w\rangle+\langle v, xw\rangle=0$
$v,$ $w\in V_{0}$ .
$\nu=(d, d, \ldots, d)$ $n$ . $O_{\nu}^{\prime F}$ $y_{1}$ . $d’=[d/2]$
( $[\cdot]$ Gauss \equiv p- ), $t=n/d$ , $V_{0}$ $\{f_{j}^{(i)}|1\leq i\leq t, 1\leq j\leq d\}$
. $1\leq i\leq t,$ $1\leq j\leq d’$ ,
$f_{j}^{(i)}=e_{(i-1)d’+j}$ , $f_{d-j+1}^{(i)}=e_{n-(i-1)d’+j}$ .
$d$ $\{f_{j}^{(i)}\}$ . $d$ , $e_{td’+1},$ $\ldots,$ $e_{td’+t}$
$f_{d+1}^{(1)},,$ $\ldots f_{d+1}^{(t)}$,
$f_{d+1}^{(1)},= \frac{1}{a}(e_{td’+1}+e_{td’+t})$ , $f_{d+1}^{(2)},= \frac{1}{a}(e_{td’+1}-e_{td’+t})$ ,
$f_{d+1}^{(3)},= \frac{1}{a}(e_{td’+2}+e_{td’+t-1})$ , $f_{d+1}^{(4)},= \frac{1}{a}(e_{td’+2}-e_{td’+t-1})$
. $a\in \mathrm{F}_{q^{2}}$ $a^{q+1}=2$ . $t$ ,
$t=2t’+1$ , $f_{d+1}^{(t)},=e_{td’+t’+1}$ . ,
$\langle f_{j}^{(i)}, f_{d-j+1}^{(i)}-\rangle=\{$
$(-1)^{i-1}$ $j=d-j+1,$ $i\neq t-i+1$ ,
1 ,
$\langle f_{j}^{(i)}, f_{k}^{(i’)}\rangle=0$ $i\neq i’$
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. $V_{0}$ $y_{1}\in \mathfrak{g}^{F^{2}}$
$y_{1}f_{j}^{(i)}=\{$
$f_{j+1}^{(i)}$ if $1\leq j\leq d’-1$ ,
$-f_{j+1}^{(i)}(-1)^{\delta_{i}}f_{j+1}^{(i)}$
if $j=d’$ ,
if $d’+1\leq j\leq d-1$ ,
0if$j=d$ ,
. , $i\neq t-i+1$ $\delta_{i}=i-1$ , $\delta_{i}=0$ .
$\{y_{1}^{j}f_{1}^{(i)}|1\leq i\leq t, 0\leq j\leq d-1\}$
$V_{0}$ , sesquilinear form $y_{1}\in \mathfrak{g}^{F}$ .
, $y_{1}\in O_{\nu}^{\prime F}$ .
, $n$ $\lambda=(\lambda_{1}, \ldots, \lambda_{r})$ $\lambda_{i}$ $d$ ,
$y_{\lambda}\in O_{\lambda}^{\prime F}$ . $\lambda$ $V_{0}$ $\{h_{j}^{(i)}|1\leq i\leq r, 1\leq j\leq\lambda_{i}\}$
$h_{j}^{(i)}=y_{1}^{b}f_{1}^{((\lambda_{1}+\cdots+\lambda_{i-1})/d+a)}$
. $a,$ $b$ $j=ad+b,$ $0\leq b<d$ . $1\leq i\leq k$
( , $y_{\lambda}\in \mathfrak{g}^{F^{2}}$
$y_{\lambda}h_{j}^{(i)}=\{$
$h_{j+1}^{(i)}$ if $j<\lambda_{i}$ ,
0if $j=\lambda_{i}$ .
. sesquilinear form , $y_{\lambda}\in \mathfrak{g}^{F}$ .
$y_{\lambda}\in O_{\lambda}^{\prime F}$ .
$y_{0}\in O^{F}$ . [ $\simeq\epsilon 1_{d}\oplus\cdots\oplus\epsilon 1_{d}$ ( $t$ ) , $\sigma$ , 1
$t$ , 2 $t-1$ , . . . . $y_{0}=(x_{1}, \ldots, x_{t})\in\oplus\epsilon 1_{d}$
$1\leq i\leq[t/2]$ $x_{t-i+1}=\sigma(x_{i})$ . $x_{i}$ 3.1 $5\iota_{d}^{F_{0}}$
. $t$ , $x(t+1)/2$ $\epsilon 1_{d}^{F}$ $(n=d$
$y_{1}$ ) . $y_{0}\in O^{F}$ .
$y_{0}$ 1 , $\mathfrak{g}$ $O_{\nu}’$ . $y_{1}$ $y_{0}$ $G$
( . $c\in A_{G}(y\mathrm{o})$ ( $y_{1}=(yo)_{c}$ ( $c$ I twisted element)
. c1\in Z $f(c_{1})=c$ . $\xi(c_{1})\in\overline{\mathrm{Q}}_{l}^{*}$ $c_{1}$
$\rho_{0}$ . $\xi(c_{1})=\eta(\rho_{0})$ . .
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34. $G=SL_{n},$ $F$ non-s.plit type . $p>>0$ . . $\Phi w_{0}$
$H_{c}^{m}(P_{y},\dot{\mathcal{L}})$ $\eta(\rho_{0})(-q)^{m/2}$ .
35. 3.4 graded Hecke algebra .
, . , $F$
split . split , $A_{n-2}$
$F$ , $SL_{n-1}$ .
Green , $G=GL_{n}$ , $F$ non-split ,
$\Phi_{\chi}$ : $H_{c}^{m}(P_{y},\dot{\mathcal{L}})arrow H_{c}^{m}(P_{y},\dot{\mathcal{L}})$ . , $L=T$
, $P=B$ $G$ Borel . $O=\{0\},$ $\mathcal{L}$ $O$ $\overline{\mathrm{Q}}_{l}$
. $\mathfrak{g}\mathfrak{l}_{n}$ $O’$ $y\in O^{\prime F}$ , $P_{y}$ $B_{y}=\{gB\in G/B|\mathrm{A}\mathrm{d}(g)^{-1}y\in \mathrm{b}\}$
. LieB $=\mathrm{b}$ . $H_{c}^{m}(P_{y},\dot{\mathcal{L}})=H^{m}(B_{y},\overline{\mathrm{Q}}$ , $y\in O^{\prime F}$ $F$
$H^{m}(B_{y},\overline{\mathrm{Q}}$ . 2 $F$
. , $w_{0}$ Weyl $W=N_{G}$ (T)/T\simeq 6 , $Fw_{0}$ $H^{2i}(B_{y},\overline{\mathrm{Q}}\iota)$
$(-q)^{i}$ . . $B_{y}arrow B=G/B$ $W$
$F$ $\pi$ : $H^{2i}(B,\overline{\mathrm{Q}}\iota)arrow H^{2i}(B_{y},\overline{\mathrm{Q}}_{l})$ . By affine space
, $B$ cell $\pi$ .
$Fw_{0}$ $H^{2i}(B,\overline{\mathrm{Q}}$ , $B$ cohomology $H^{*}(B,\overline{\mathrm{Q}}$
$W$ coinvariant algebra .
, $SL_{n}$ , $P_{y\lambda}rightarrow B_{y}$ $B$ $P_{y_{1}}$ ,
$P_{y\lambda}$ $P_{y_{1}}$ . , cohomology
$H_{c}^{m}(P_{y_{1}},\dot{\mathcal{L}})arrow H^{m}(P_{y\lambda},\dot{\mathcal{L}})$ . ,
. , $H_{c}^{*}(P_{y_{1}},\dot{\mathcal{L}})$ oinvariant algebra
. , $GL_{n}$ $B_{y}$ $P_{y}$ $\dot{\mathcal{L}}$ cohomology
.
4. Graded Hecke algebras
41. graded Hecke algebra cohomology Lusztig[L2]
. affien Hecke algebra , degenerate affine Hecke
algebra . affine Hecke algebra $\mathrm{K}$-theory
, graded Hecke algebra cohomology ,
163
affine Hecke algebra . , cohomology
, Luszfig graded Hecke algebra .
4.2. , Lusztig cohomology . [L2]
, $\mathrm{C}$ cohomology , $H_{c}^{m}(P_{y},\dot{\mathcal{L}})$
Frobenius , $l$ cohomology $p$
cohomology . [L2] , ,
$p$ .
$k$ $\mathrm{F}_{q}$ $\llcorner$ , $k$ $X$
. $M$ . $m$ , $M$ $\Gamma$ , $\Gammaarrow M\backslash \Gamma$
principal $G$-fibration , $i=1,$ $\ldots,$ $m$ $H^{i}(\Gamma,\overline{\mathrm{Q}}_{l})=0$
. $\Gamma$ . $M$ $GL_{r}$
, .
$M\subset GL_{r}\cross\{e\}\subset GL_{r}\cross GL_{r’}\subset GL_{r+r’}$.
$r’$ ( $2r’\geq m+2$ ), $\Gamma=(\{e\}\cross GL_{r’})\backslash GL_{r+r’}$
. $M$ $X$ , $,X=M\backslash (\Gamma\cross X)(M$ $\Gamma\cross X$
) . $\mathcal{E}$ $X$ $M$ , $\pi^{*}(_{\Gamma}\mathcal{E})\simeq p^{*}\mathcal{E}$ , $X$
$\mathrm{r}\mathcal{E}$ . , $\pi$ : $\Gamma\cross Xarrow M\backslash (\Gamma\cross X)$ , $p:\Gamma\cross Xarrow X$
2 $\leq m$ ,
$H_{hI}^{j}(X, \mathcal{E})=H^{j}(_{\Gamma}X, r\mathcal{E})$ , $H_{j}^{\Lambda I}(X, \mathcal{E})=H_{c}^{2d-j}(_{\Gamma}X, r\mathcal{E}^{*})^{*}$
. $d=\dim(_{\Gamma}X),$ $\mathcal{E}^{*}$ $\mathcal{E}$ , $H_{c}^{i}(\cdot)^{*}$ $H_{c}^{i}()$
). ( $M\neq\{e\}$ , $M=\{e\}$ , $H_{M}^{j}(X, \mathcal{E})=H^{j}(X, \mathcal{E})$ ,
$H_{j}^{hI}(X, \mathcal{E})=H_{c}^{2\dim X-j}(X, \mathcal{E}^{*})^{*}$ ) $H_{M}^{j}(X, \mathcal{E}),$ $H_{j}^{M}(X, \mathcal{E})$ $m,$ $\Gamma$
, $X$ cohomology homology . $\mathcal{E}$
$\overline{\mathrm{Q}}_{l}$ $H_{hf}^{j}(X)$ , $H_{j}^{M}(X)$ . cup , $H_{\dot{\Lambda\prime}I}^{*}(X)=\oplus_{j}H_{M}^{j}(X)$
1 $\overline{\mathrm{Q}}\iota$ ,




graded $H_{\Lambda I}^{*}(X)$ . \mapsto , $H_{\Lambda I}^{*}$ (point), $H_{*}^{\Lambda\prime}$ (point) $H_{\mathrm{J}\mathfrak{l}I}^{*},$ $H_{*}^{\mathrm{A}I}$
. $Xarrow \mathrm{p}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}$ $\overline{\mathrm{Q}}_{l}$ $\epsilon$ : $H_{\Lambda I}^{*}arrow H_{\Lambda I}^{*}(X)$ , $\epsilon$
, $H_{hI}^{*}(X, \mathcal{E}),$ $H_{*}^{\Lambda l}(X, \mathcal{E})$ H\Lambda *,- .
43. $G$ $\mathrm{C}$ , $\mathfrak{g}_{r}$ $G$ reductive quofient $G_{r}=G/\mathrm{R}\mathrm{u}G$
Lie . $S(\mathfrak{g}_{r}^{*})=\oplus_{j}S^{j}(\mathfrak{g}_{r}^{*})$ $\mathfrak{g}_{r}$ $\mathfrak{g}_{r}^{*}$ . $G$
coadjoint action $S(\mathfrak{g}_{r}^{*})$ . , .
$H_{G}^{j}\simeq\{$
$S^{j/2}(\mathfrak{g}_{r}^{*})^{G}$ $j$ : ,
0 $j$ : .
, $G$ $\mathrm{F}_{q}$ , $H_{G}^{j}$ $\overline{\mathrm{Q}}_{l}$ , $S(\mathfrak{g}^{*})$ $k$
, . $p$ cohomology
$\mathrm{C}$ cohomology .
44. $M$ , homology $H_{j}^{M}(X, \mathcal{E})$ cohO-
mology . $i$ , $F^{i}$ $\oplus_{j\leq i}H_{j}^{hI}(X, \mathcal{E})$ $H_{*}^{M}(X, \mathcal{E})$
$H_{\mathrm{A}\prime I}^{*}$ . $i<0$ $F^{i}=0$ , filtration $F^{0}\subset F^{1}\subset F^{2}\subset\cdots$
. $\Pi_{i}=H_{i}^{M}(X, \mathcal{E})/H_{i}^{M}(X, \mathcal{E})\cap F^{i-1}$ , $\Pi_{i}$ $F^{i}/F^{i-1}$ $i$
. $\Pi_{i}arrow F^{i}/F^{i-1}$ ( $\Pi_{i}$ $i$ 0
) , $H_{M}^{*}$
(4.4.1) $H_{M}^{*}\otimes_{\overline{\mathrm{Q}}_{l}}\Piarrow F^{i}/F^{i-1}$
. , $H_{i}^{hI}(X, \mathcal{E})arrow H_{i}^{\{e\}}(X, \mathcal{E})$ $H_{i}^{\mathrm{A}I}(X, \mathcal{E})\cap F^{i-1}$ 0
, $\overline{\mathrm{Q}}_{l}$
(4.4.2) $\Pi_{i}arrow H_{i}^{\{e\}}(X, \mathcal{E})$
. Lusztig [L2] , $H_{c}^{\mathrm{o}\mathrm{d}\mathrm{d}}(X, \mathcal{E})=0$ , (4.4.1), (4.4.2)C ( (
,
(4.4.3) $H_{\Lambda I}^{*}\otimes_{\overline{\mathrm{Q}}_{l}}H_{i}^{\{e\}}(X, \mathcal{E})arrow\sim F^{i}/F^{i-1}$
. $H_{\mathrm{o}\mathrm{d}\mathrm{d}}^{NI}(X, \mathcal{E})=0$ .
165
4.5. $\subset_{arrow}\vee-C_{i\overline{\mathrm{E}}}^{\backslash ^{\Gamma}}\backslash \mathrm{I}\ovalbox{\tt\small REJECT} 3.4\sigma)_{\mathfrak{o}’\mathrm{X}j\mathrm{E}}^{-\iota_{\Gamma}\mapsto}\equiv l_{\sim}^{-}\overline{\mathrm{j}\mathrm{F}\approx^{\mathrm{J}}}\mathrm{p}),$ $G=SL_{n},$ $\mathrm{g}=o 1_{n},$ $P,$ $L\acute{arrow}^{r}+k\tilde{\grave{\mathrm{F}}3\mathrm{I}\rfloor}U)\mathrm{J}\backslash -\tau\backslash \mathrm{f}\underline{\mathrm{f}\mathrm{i}}\mathrm{P})k$ \mbox{\boldmath $\tau$},.
$T=Z_{L}^{0}$ $L$ $Z_{L}$ , $X(T)$ $T$ , $\mathfrak{h}^{*}=\overline{\mathrm{Q}}_{l}\otimes_{\mathrm{Z}}X(T)$ .
$\mathfrak{h}^{*}$ $T$ Lie . 43
, $\mathrm{C}$ Lie , . $\nu 7^{\gamma}=N_{G},(L)/L$
Coxeter , $\{s_{1}, \ldots, s_{m}\}$ .
$\mathfrak{h}^{*}$ . $\mathrm{S}$ $\mathfrak{h}^{*}\oplus\overline{\mathrm{Q}}_{l}$
. $\mathrm{S}$ $\mathrm{S}\simeq S(\mathfrak{h}^{*})\otimes\overline{\mathrm{Q}}_{l}[\mathrm{r}]$ . , $\overline{\mathrm{Q}}_{l}[\mathrm{r}]$ $\mathrm{r}=(0,1)\in \mathfrak{h}^{*}\oplus\overline{\mathrm{Q}}_{l}$
. $\mathrm{H}=\mathrm{S}\otimes\overline{\mathrm{Q}}_{l}[W]$ $\langle$ . Lusztig [L2] $\mathrm{H}$
$1\otimes e$ $\overline{\mathrm{Q}}_{l}$ .
(i) $\xi\mapsto\xi\otimes e$ $\overline{\mathrm{Q}}_{l}$ $\mathrm{S}arrow \mathrm{H}$ ,
(ii) $w\mapsto 1\otimes w$ $\overline{\mathrm{Q}}_{l}$ $\overline{\mathrm{Q}}_{l}[W]arrow \mathrm{H}$ ,
(iii) $(\xi\otimes e)\cdot(1\otimes w)=\xi\otimes w$ , $(\xi\in \mathrm{S}, w\in W)$ ,
(iv) $(1\otimes s_{i})(\xi\otimes e)-(^{s_{i}}\xi\otimes e)(1\otimes s_{i})=c_{i}\mathrm{r}_{\alpha_{i}}^{-i}=^{s}\otimes e$ , $(\xi\in \mathrm{S}, 1\leq i\leq m)$ .
, $\{\alpha_{1}, \ldots, \alpha_{m}\}$ , $c_{1},$ $\ldots,$ $c_{m}$ [ $O$
([L3, Prop. 2.12]), , $i$ $c_{i}=2n/d$ . $\mathrm{H}$ ( $]$ , $O$ , q\in M
graded Hecke algebra .
46. homology $H_{*}^{M}(X, \mathcal{E})$ . $X=P_{y},$ $\mathcal{E}=\dot{\mathcal{L}}$
$\mathcal{E}=\mathcal{L}*$ . ( $\mathcal{L}*$ $\mathcal{L}$ $\mathcal{L}^{*}$ ). $\mathrm{G}_{m}=k^{*}$ $k$
$G\cross \mathrm{G}_{m}$ $\mathfrak{g}t_{\sim}^{arrow}(g_{1}, t)$ : $x\mapsto t^{-2}\mathrm{A}\mathrm{d}(g_{1})x$ ( . $y\in \mathfrak{g}$ , $M_{G}(y)$
$G\cross \mathrm{G}_{m}$ $y$ .
$M_{G}(y)=\{(g_{1}, t)\in G\cross \mathrm{G}_{m}|Ad(g_{1})y=t^{2}y\}\simeq Z_{G}(y)\cross \mathrm{G}_{m}$
. $\dot{\mathcal{L}}$ $M_{G}(y)$ , , $M=M(y)^{0}(M_{G}(y)$
) homology $H_{*}^{M^{0}(y)}(P_{y},\dot{\mathcal{L}}‘)$ . .
47(Lusztig[L2]). $H_{*}^{\mathrm{A}/I^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*})$ $\mathrm{H}$ .
(i) $\mathrm{H}$ $H_{l\downarrow I^{0}(y)}^{*}$ .
(ii) $W$ $H_{2i}^{\mathit{1}1’I^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*})$ . $(H_{2i+1}^{\Lambda I^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*})=0$ ).
(iii) $S(\mathfrak{h}^{*})=\oplus_{i\geq 0}S_{i}$ cup .
$S_{1}$ : $H_{2i}^{\Lambda I^{0}(y)}(P_{y}, \cdot*)arrow H_{2i+2r_{b},\dot{\mathcal{L}}^{*})}^{\Lambda I^{0}(y}$ .
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48. $S(\mathfrak{h}^{*})\simeq H_{T}^{*},$ $.\mathrm{S}\simeq H_{T\cross \mathrm{G}_{m}}^{*}$ .
$H_{\Lambda I^{0}(y)}^{*}$ . $\Lambda I^{0}(y)\simeq Z_{G}^{0}(y)\cross \mathrm{G}_{m}$ . $T(y)$ $Z_{G’}^{0}(y)$ }$\backslash -$ ,
$W(y)$ $Z_{G}^{0}(y)$ $T(y)$ Weyl . $H_{\mathrm{J}\mathfrak{l}’(y)}^{*}0$
$S(V^{*})^{W(y)}\otimes\overline{\mathrm{Q}}_{l}[\mathrm{r}]$ . $V^{*}=\overline{\mathrm{Q}}_{l}\otimes_{\mathrm{Z}}X(T(y))$ . , $H_{\mathrm{A}I^{0}(y)}^{*}$
$\overline{\mathrm{Q}}_{l}$ $V_{1}=V/W(y)\cross\overline{\mathrm{Q}}_{l}$ ( $V$ $V^{*}$
). $V_{1}$ I , $H_{hI^{0}(y)}^{*}arrow\overline{\mathrm{Q}}_{l},$ $f\mapsto f(v)$ .
$v$ , $\mathrm{r}$ $r_{0}\in\overline{\mathrm{Q}}_{l}$ . $H_{\mathrm{A}7^{\mathrm{Q}}(y)}^{*}$ $\overline{\mathrm{Q}}_{l}$
$E_{v,\rho}=(\overline{\mathrm{Q}}_{l}\otimes_{H_{\mathrm{A}I^{0}(y)}^{*}}H_{*}^{M^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*}))_{\rho}$
. , $\rho\in A_{G}(y)^{\wedge}\simeq(M_{G}(y)/M_{G}^{0}(y))^{\wedge}$ , $V_{\rho}$ $M_{G}(y)/M_{G}^{0}(y)$ \coprod $V$
$\rho$ . ( , $v$ $\rho$ ).
$\mathrm{H}$ Lusztig ([L3, Theorem 8.17) .
49. $v,$ $\rho$ $E_{v},$’ $\mathrm{H}$ .
5. 3.4
5.1. 3.4 . $\varphi_{0}$ : $F^{*}\mathcal{L}\sim \mathcal{L}arrow$
$H_{c}^{*}(P_{y\lambda},\dot{\mathcal{L}})$ $\Phi$ . homology $\varphi 0$
$H_{*}^{M^{0}(y_{\lambda})}(P_{y\lambda},\dot{\mathcal{L}}^{*})$ $\Psi$ . , G=SL\sim , $H_{c}^{m}(P_{y\lambda},\dot{\mathcal{L}})$
$W$ , $\Phi w_{0}$ $w\in W$ , $\Phi w_{0}$ $H_{c}^{m}(P_{y\lambda}, \mathcal{L})$
. .
52. , $\Phi w_{0}$ $H_{c}^{m}(P_{y\lambda},\dot{\mathcal{L}})$ $\zeta\in\overline{\mathrm{Q}}_{l}$ .
, $\Phi w_{0}$ $H_{c}^{0}(P_{y\lambda},\dot{\mathcal{L}})$ $\zeta(-q^{-1})^{m/2}$ .
$y=y_{\lambda}$ . $E_{v}=E_{v,\rho}$ $\mathrm{H}$ $(v, \rho)$ . ( , $\rho$
). $\Psi w_{0}$ $E_{v}=\overline{\mathrm{Q}}_{l}\otimes_{H_{\mathrm{A}I^{0}(y)}^{*}}H_{*}^{(M^{0}(y)}(P_{y}, \mathcal{L}^{*})$
. 4.4 ffltration , $H_{0}^{\mathit{1}\mathrm{t}I^{0}(y)}(P_{y}, \mathcal{L}^{*})$
$E_{v}$ $H_{l\vee I^{0}(y)}^{*}$ ( $\mathrm{q}\otimes(H_{0}^{\mathrm{A}I^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*})\rangle$ ) $\Psi w_{0}$ $\zeta^{-1}$
. , $\mathrm{H}=\mathrm{S}\otimes\overline{\mathrm{Q}}_{l}[W],$ $\mathrm{S}=S(\mathfrak{h}^{*})\otimes\overline{\mathrm{Q}}_{l}[\mathrm{r}]$ , $\mathrm{r}$
$r_{0}\in\overline{\mathrm{Q}}_{l}$ ( $\mathrm{r}$ $\mathrm{H}$ ) , $W$ $H_{2i}^{1\vee I^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*})$
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$\Psi u_{0}’$ . , $S(\mathfrak{h}^{*})\simeq H_{T}^{*}\simeq\oplus_{i\geq 0}H_{T}^{2i}$ , $Fw_{0}$
$H_{T}^{2i}$ $(-q)^{i}$ . , $E_{v}$
$\mathrm{H}$ , $\Psi w_{0}$ $\overline{\mathrm{Q}}_{l}\otimes\langle H_{m}^{\Lambda I^{0}(y)}(P_{y},\dot{\mathcal{L}}^{*})\rangle$ $\zeta^{-1}(-q)^{m/2}$
. filtration , $\Phi w_{0}$ $H_{c}^{0}(P_{y}, \mathcal{L})\simeq H_{m}^{\{e\}}(P_{y}, \mathcal{L}^{*})^{*}$
$\zeta(-q^{-1})^{m/2}$ . 52 .
52 , $\Phi w_{0}$ $H_{c}^{0}(P_{y},\dot{\mathcal{L}})$ .
.
53. $\Phi$ $H_{c}^{0}(P_{y_{1}},\dot{\mathcal{L}})\simeq H_{c}^{0}(P_{y\lambda},\dot{\mathcal{L}})\simeq\overline{\mathrm{Q}}_{l}$ .
, $W$ .
54. y0\in O\subset [ . $\Phi$ $H_{c}^{0}(P_{y0},\dot{\mathcal{L}})$ .
5.4 , $\Phi$ $H_{c}^{0}(P_{y_{1}},\dot{\mathcal{L}})$ . 53 , $\Phi$
$H_{c}^{0}(P_{y\lambda},\dot{\mathcal{L}})$ , 52 $H_{c}^{m}(P_{y\lambda},\dot{\mathcal{L}})$ . 3.4
.
55. (i) , $Sp_{2n},$ $SO_{2n+1},$ $SO_{2n}$ $SL_{n}$
. Green .
(ii) $Spin_{N}$ $SL_{n}$ graded Hecke algebra
. , $H_{c}^{i}(P_{y},\dot{\mathcal{L}})$ $A_{G}(y)$ $\rho\in A_{G}(y)^{\wedge}$
isotypic . $H_{c}^{0}(P_{y},\dot{\mathcal{L}})_{\rho}=0$ , $H_{c}^{m}(P_{y},\dot{\mathcal{L}})_{\rho}$
$H_{c}^{0}(P_{y},\dot{\mathcal{L}})_{\rho}$ . $Spin_{N}$ (cuspidal pair $SO_{N}$
) .
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